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sources  of cosmic gamma rad ia t ion  have been made beginning i n  September 1966. 
The h e a r t  of the de tec tor  system used i n  these  inves t iga t ions  c o n s i s t s  of 
a 32 l e v e l ,  256 w i r e  per  l e v e l ,  magnetic-core d i g i t i z e d  spark chamber, wi th  
thin (0.02 rad ia t ion  length)  high-Z pair-producing p l a t e s  between each l eve l .  
This spark chamber is surrounded by a bell-shaped p l a s t i c  s c i n t i l l a t o r  dome 
and i s  t r iggered by a coincidence between a t h i n  c e n t r a l  s c i n t i l l a t o r  and 
a Cerenkov counter i n  ant icoincidence wi th  the  dome. This device is flown 
i n  an or iented bal loon gondola. Results r e l a t ed  t o  seve ra l  p o t e n t i a l  gamma- 
ray sources have been obtained i n  a s e r i e s  of three f l i g h t s .  Upper l i m i t s  
f o r  the f l u x  of y-rays above 30 MeV of (2 t o  4 )  x lo-‘ (cmasec)-’ have been 
es tab l i shed  f o r  Sco X-1, Sgr SR-1, Sgr SR-2, Sgr SR-3, the  Kepler Supernovae 
(Oph X R - l ) ,  t h e  g a l a c t i c  cen te r ,  the moon, and the q u i e t  sun. Somewhat less 
severe  l i m i t s  have been s e t  f o r  Centaurus-A and Taurus-A. 
INTRODUCTION 
I n  recent yea r s ,  there  have been seve ra l  a t tempts  t o  d e t e c t  c e l e s t i a l  
gamma rays ,  b u t  there  is  s t i l l  no c e r t a i n  measurement of a f l u x  of high- 
energy gamma rays from a poin t  source.  
very high-energy astronomy remains a s  a f i e l d  of g r e a t  i n t e r e s t  because it  
can provide a means of de t ec t ing  many of the major energy t r a n s f e r s  occurr ing 
i n  tile universe.  
e l ec t rons  through t h e i r  synchrotron, bremsstrahlung, and inverse Cmpton 
r a d i a t i o n ,  high-energy gamma rays revea l  the presence of t he  p i  mesons formed 
i n  nuclear  i n t e rac t ions  and o ther  high-energy processes .  
I n  s p i t e  of t h i s  negat ive r e s u l t ,  
In  add i t ion  t o  reveal ing the  presence of very ene rge t i c  
~ ~ 
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I 
The experiment t o  be described here r ep resen t s  the e a r l y  bal loon vers ion 
of a d e t e c t o r  system which was developed p r imar i ly  f o r  s a t e l l i t e  a p p l i c a t i o n ,  
wherein the limit of source d e t e c t i o n  i s  not  hindered by a high atmospheric 
background and r e l a t i v e l y  s h o r t  exposure times. The d e t e c t o r  i s  a d i g i t i z e d  
spark-chamber te lescope s e n s i t i v e  t o  gamma rays i n  the energy i n t e r v a l  from 
about  30 MeV upwards,. It has been flown s e v e r a l  times from Mildura,  V i c t o r i a  
and Holloman, N e w  Mexico. 
EXPERIMENTAL APPROACH 
I n  o rde r  t o  provide the  s e l e c t i v i t y  and s e n s i t i v i t y  t o  do astromony, 
a gamma ray te lescope must discr iminate  a g a i n s t  charged p a r t i c l e s  with a 
h igh  e f f i c i e n c y ,  give enough information t o  s e l e c t  gamma rays from o t h e r  
n e u t r a l  events ,  permit accurate  determination of the gamma r a y ' s  a r r i v a l  
d i r e c t i o n ,  provide some means of es t imat ing t h e i r  energy, and have a reasonably 
l a r g e  d e t e c t i o n  p r o b a b i l i t y .  With these c r i t e r i a  i n  mind the d e t e c t o r  
system shown i n  Fig.  1 was developed. 
an t i co inc idence  dome and t h e  d i r e c t i o n a l  Cerenkov counter  a r e  employed t o  
d i s c r i m i n a t e  a g a i n s t  charged p a r t i c l e s  and t o  r e s t r i c t  t he  a n a l y s i s  t o  
downward moving p a r t i c l e s .  The spark chamber s a t i s f i e s  t he  need f o r  a l a r g e  
volume, high information-content de t ec to r  t o  permit s e l e c t i o n  of t he  gamma rays 
and measure the p r o p e r t i e s  of t he  e l ec t ron -pos i t ron  p a i r .  
s c i n t i l l a t o r  i n  coincidence with the Cerenkov counter  and i n  ant icoincidence 
wi th  the p l a s t i c  dome provides the data needed t o  determine whether t he  
spa rk  chamber should be t r i gge red .  
The l a r g e  p l a s t i c  s c i n t i l l a t o r  
The c e n t r a l  p l a s t i c  
The spark chamber and i t s  associated e l e c t r o n i c s  a r e  discussed i n  d e t a i l  
i n  another  a r t i c l e  (Ehrmann e t  a l . ,  1 9 6 7 ) ;  s o  only the  p r i n c i p a l  f e a t u r e s  w i l l  
be given here .  A s  Fig.  1 shows, t h e  spark chamber c o n s i s t s  of two u n i t s  
separated by the  c e n t r a l  s c i n t i l l a t o r .  
f i f t e e n  p l a t e s  and s i x t e e n  wire-grid modules. 
wire assembly c o n s i s t i n g  of two orthogonal s e t s  of 128 wires each. 
Each u n i t  c o n s i s t s  of a s e r i e s  of 
Each of t he  modules is  a frame- 
One 
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orthogonal w i r e  g r id  serves  as  the h igh  vol tage  plane of t he  modular u n i t ,  
the  o ther  a s  t he  ground plane.  A l l  of t he  w i r e  modules a r e  i d e n t i c a l  except  
the  bottom one i n  each chamber, i n  which t h e  wires  run  a t  an  angle  of 45' with  
respec t  t o  a l l  of t he  o the r s .  
ambiguity r e l a t e d  t o  which x reading of two is  assoc ia ted  wi th  which y reading 
when two t r acks  a r e  present .  
The 45' g r i d  permits  t he  removal of t he  
Each of t he  30 p a i r  producing p l a t e s  c o n s i s t s  of .02 r a d i a t i o n  lengths  
of gold p la ted  unto a ,002 r a d i a t i o n  length  base of aluminum providing a 
high-2 p l a t e  which i s  t h i n  enough s o  t h a t  t he  c h a r a c t e r  of t he  event  is no t  
masked by a th ick  conver te r  o r  absorber ,  and the  d i r e c t i o n  of the  inc ident  
g a m a  ray can be measured wel l .  A t  the  same time, the l a r g e  number of p l a t e s  
r e t a i n s  a reasonably l a rge  d e t e c t i o n  e f f i c i ency .  F i n a l l y ,  some information 
on the  energy of t he  e l e c t r o n  and p o s i t r o n  can be ex t r ac t ed  from the  mul t ip l e  
coulomb s c a t t e r i n g  i n  the  p l a t e s .  
Each of the  g r id  wires  i n  the  spark chamber thread a magnetic core ,  which 
receives  and con ta ins  i t s  datum of information when the  h igh  vol tage  is pulsed 
t o  the  chamber g r i d s .  The loca t ion  of t he  se t  cores  i s  recorded on t ape  and 
telemetered. 
The gamma ray telesco-pe i s p l a c e d  i n  a gondola a t  a f ixed angle  wi th  r e spec t  
t o  t h e  ver t ica1,and the  gondola is  or ien ted  wi th  r e spec t  t o  the  geomagnetic 
f i e l d  t o  an  accuracy of about +%O a f t e r  t h e  ba l loon  reache c e i l i n g .  
o r i e n t a t i o n  is accomplished wi th  a gas j e t  system which is con t ro l l ed  by 
information from a magnetometer and a r a t e  gyro. 
The - 
DATA REDUCTION AND RESULTS 
The f i r s t  s t e p  i n  the  da t a  reduct ion  is the  a n a l y s i s  of i nd iv idua l  
events .  S ince  the  f l i g h t s  reported here  were among the  f i r s t  i n  a series, 
the  data  was reduced both manually and by computer. 
I n  the  manual a n a l y s i s ,  the type and q u a l i t y  of each event  is s tudied  
us ing  a f u l l  computor p r i n t - o u t  d i sp l ay ing  each core.  Clear y-ray events  
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which d isp lay  both an e l ec t ron  and a pos i t ron  a r e  se lec ted  together  with 
poss ib l e  y-ray events wherein there  i s  only one t rack beginntng somewhere 
, ', i n  t he  de t ec to r .  Measurements t o  determine the d i r e c t i o n  of the o r i g i n a l  .' 
y-ray, the opening angle of the e lec t ron-pos i t ron  p a i r ,  and the energy 
of the e l ec t ron  and pos i t ron  a r e  made. Fig. 2 shows s i x  examples of 
acceptable  gamma-ray events.  The great  major i ty  of the unacceptable events 
a r e  ones where t racks  a r e  coming from the  wal l  of the chamber and presumably 
r e s u l t  from in t e rac t ions  of n e u t r a l  p a r t i c l e s  i n  the wal l .  
In  the  automatic processing of the ba l loon- f l igh t  spark chamber da ta ,  
events  a r e  examined by machine, categorized and, i f  accepted, f i t t e d  by the  
leas t - squares  method t o  a photon t r a j ec to ry  i n  chamber coordinates;  aspec t ,  
posi t ion,and t i m e  da ta  a r e  then automatically used t o  determine the c e l e s t i a l  
a r r i v a l  d i r e c t i o n  of each photon, and sky maps of photon f l u x  a r e  constructed.  
A t  high energies  where the opening angle  between the p a i r  is very small ,  
t he  accuracy of the  est imate  of the a r r i v a l  d i r e c t i o n  i s  determined s o l e l y  
by the  uncer ta in ty  of the  balloon o r i en ta t ion  information, o r  about a ha l f  
a degree,  and lessens a s  the photon energy decreases ,  reaching 2.0 degree,  
f o r  a 100 MeV photon. Below t h i s  energy, i t  is poss ib le  t o  determine the  
energy of each e l ec t ron  of the p a i r  by ana lys i s  of the mul t ip le  s c a t t e r i n g  of 
the e l ec t rons  i n  the p la tes  s u f f i c i e n t l y  we l l  s o  t h a t  the  uncer ta in ty  i n  
a r r i v a l  d i r e c t i o n  does not increase in  s i z e  beyond three  degrees down t o  
the 30 MeV low energy l i m i t  of the de tec tor .  
The energy of the primary photon is determined from the opening angle  
between the e l ec t ron  and pos i t ron  and from coulomb s c a t t e r i n g  i n  the  t h i n  
p l a t e s .  
spectrum of the observed gamma rays,  which a r e  known t o  be primary atmospheric 
The d e t a i l s  of t h i s  ana lys i s  and the determination of the energy 
secondaries ,  w i l l  be discussed i n  a l a t e r  paper. 
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I f  only the upper h a l f  of the  chamber is  considered as being s e n s i t i v e  
t o  p a i r  product ion which w i l l  be accepted f o r  a n a l y s i s ,  an  a rea  c o l l e c t i o n  
t i m e  f a c t o r  of 7.8 cm2 sec is  obta ined .  
and a t y p i c a l  e f f i c i e n c y  of .19,one gamma ray corresponds t o  1.4 x 106/cm2 sec .  
The gene ra l  background observed a t  t he  ba l loon  a l t i t u d e  assuming a t y p i c a l  
d e t e c t i o n  e f f i c i e n c y  of 0.19 i s  about 4 x 10-3/~ma sr sec .  
source and a cone o f  u n c e r t a i n t y  of 2' r ad ius ,  the  f l u x  con t r ibu ted  by the  
backgrouiid i s  1 .5  x 10m6/cm2 sec .  
With an  average l i v e  time of 50% 
For a p o i n t  
An a n a l y s i s  of t he  da t a  shows no obvious gamma ray source  i n  the f i e l d  
o r  Triew during any of our f l i g h t s .  Table I l i s t s  what a r e  f e l t  t o  be the  
most l i k e l y  gamma ray  sources  f o r  t he  regions of t he  c e l e s t i a l  sphere  observed 
and l i s t s  95% 
gamma rays from these  o b j e c t s .  These l i m i t s  were determined by c a l c u l a t i n g  
che maximum f l u x  which toge ther  w i th  the  known background had more than a 
5% cnance of y i e ld ing  t h e  number of g a m a  rays observed o r  less i n  t h e  c o r e  
of unce r t a in ty .  The r e l a t i v e l y  h i g h  l i m i t  on Centaurus A is due t o  4 gamma 
rays whose a r r i v a l  d i r e c t i o n s  were w i t h i n  the  cone of unce r t a in ty .  
average number f o r  t h i s  f l i g h t  was 1 . 2 .  This  number of observed gamma is 
no t  s u f f i c i e n t l y  h p o r t a n t  t o  j u s t i f y  any cons ide ra t ion  of having poss ib ly  
seen  a source .  The r e l a t i v e l y  h igh  upper l i m i t  on Taurus A r e s u l t s  from a 
s h o r t  exposure time, and t h e  l imi ted  d a t e  handl ing c a p a b i l i t y  on t h a t  p a r t i c u l a r  
f l i g h t .  
confidence upper l i m i t s  t o  the f l u x  of high energy (2 30 MeV) 
The 
For the fu tu re ,  we p l an  t o  f l y  t h i s  u n i t  aga in  on ba l loons  wi th  a n  
inproved o r i e n t a t i o n  system, which w i l l  t r ack  a source.  
t o  be s tud ied  w i l l  by Cygnus and Taurus A .  We a l s o  have p lans  f o r  bu i ld ing  
a much l a r g e r  system t o  be flown on a s a t e l l i t e .  
The main o b j e c t s  
.’ 
TABLE I Gamma Ray Ppint Source Upper Limits 
(95% Confidence) 
SOURCE 
sco x-1 
Kepler Supernovae (Oph XR-1) 
Galactic  Center 
SGR XR-1 
SGR XR-2 
SGR XR-3 
Centaurus A 
Qu i e  t Sun 
Moon 
Taurus A 
LIMIT (cm-’ sec- l )  
3 . 9  x 
3.9 x 10-6 
3 . 9  x 
3 . 9  x 
3 .9  x 10-6 
3 .9  x 
9.5 x 10-6 
2.4 x 
2.4 x. 
1.7 1r4 
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FIGURE CAPTIONS. 
Fig.  1 Schematic view of gamma-ray spark chamber d e t e c t o r  system. 
Fig.  2 D i g i t a l  p r i n t o u t s  of s i x  gamma-ray events  from a ba l loon  f l i g h t  
over A u s t r a l i a .  
chamber w i r e s  have been a r t i f i c a l l y  in se r t ed  i n t o  the  c e n t e r  of 
each p i c t u r e  t o  compensate f o r  the  gap i n  the  spark decks where 
the  t h i n  s c i n t i l l a t o r  e x i s t s .  The X-Z and Y-Z pro jec t ions  of 
each event  have been compressed t o  the e x t e n t  t h a t  t he  128 wires  
i n  each row a r e  displayed i n  the  form ot 64 symbols: do t s  represent  
the  absence of sparks ,  U r ep resen t s  two sparks ,  and L o r  J r ep resen t  
a s i n g l e  spark on the  l e f t  o r  r i g h t  of t he  p a i r ,  r e spec t ive ly .  
Four l i n e s  o t  d o t s  no t  represent ing  spark  
Figure 1 
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